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1 

mm. 

i izBmmmi. 

im$m 1 2 ] 4«5r< k *> 1 mmB&VffiZZ t>lz 

i^ttm^miizmmmm. 

®. #>o . 00 5Mft%ja±^^c< 1 & \mwt 30 
#l iaa%«±o^^< k t, iocoflfi§si£, *s 

[§S#JI14J #0. 0 5a*%-H»2 0Mft%^ 
*y]SdftB»©k. #0. lM%-HK>10fiM%OiHt 
#Jfc. #2«*%^2 0SM%c7^igffl££tffii:£JH 
1 fcfBSOffl&tt. 

[fft£Jll6 3 -f^^&Slllia*. lum*m*b$) 40 

*«i 5{zwmmm. 

imm 17] 4 * >3*HMtfc*tr «»<? h . 

1 8 ] Kfia-f *^c&!Hj©** 

[fSt£jR2 0] S«^gfS-r5^T'&oT. 50 
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'JTl<D-a5*5S{iJ-tl.^-C, CMPllUGMCiDflflE 

ttmm2 0izgm<r)m. 

[ff£3i2 2 3 1^<VTM<0±tzM&im*m%M 
k LXftjStf-hXTvTt 5r^tflf*Jl2 1 fcE«<0* 

[tt*#2 3 3 CMP«U£1WcJ:98#*JI£Wl&t 
Wf77t4», 4K*fcli£K 
4 3rv%iMMU><> 
^SiS^2 2fc:IBSo^fe. 

ft»l£l?ffrCMPfflj£lifc:,J: 9iB£#JI£gflg-f 6Xx 
-y T*** . 4 *^£8a*lff Ji4«3r< k t> 1 ocOT 5 

\mfH2 5 3 fflKSrfflittS^T&oT. 
Tfc. 

fc^tfifs«2 6 tzmtfvtm. 

tt-fSSr»offlS$rfflS^SXx >v 7-k . 
k. 

m 

[^«3 0 3 M!^t7 K*>\ M*>f y^S^t 

m 
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[as«3 2i mil *y$mmtm&<4 yytt 

Xr-VTir. matmRcr>m$i<mmZ$tsm*m3 2iz 
[1M3 6 ] filM jry3S^t?»H*^ t *> 1 

[i«*«3 7 1 msm^-v *#4*y&mMn# 

■ is-h£$tsm?m2 9iz§ffl<num. 
imm3 8 } tatiaBfr*? F*y*y - ^- h<o 
»5 o*«%~9 oim%cr>mm^M^L. *u y 20 
rw^+tawi^n^:^ * y^^«-^tfi«^«3 

[«$3I3 9] UiB»^vK3W»0. 1 kg/cm 

2 ~#75 0 k g/c m*<mvm&3&?thm&3 
nzwmm. 

[0001] 

m (cmp) t5£vcMP£m^t>ti&m&tzmt&. 

£*)Mimizii. 4*^CMPfcJ:0 J NW»KJ^) 30 

^ yy < -^^mm®K%wmm?i-fz><ikmm 

[0002] 

y<m&m.co£ i%¥m*m±£. gin. 
yy-r&ztizx vm&zti. wmizimny < 40 

[0003] CM Ptt^ft§SS&mci5ft£«g=5:& 

&£*)m^mznm-&t:#>tz&<m^ixx^&. c 
MP{i^f*^si«c(c<o*nii$iis^-c«^<. m 

m&WiisA,tm±izi>mixh. CMPIl LtzW-> 50 
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6. 

[ 0 0 0 4 ] HKfcC M PttfMffl&fe £frd 

mcvmiz. mm** ? \ tj &mn&x? u 3 * 

*tf>CMP8cffreii. ^fifl:t5j:^/*^livy-^ 
Sr^ti-|.^l«««Ji. liriftUaiM' K 
±tzM*)imt>ti&. -tSkfflS^asigiiiJi. BESF 

9fttt*>ftS. **y7<i*«WJ. -f&fc*>Kj£-£ 

+ y raw lt , mwmi&<mftm.ttMz%m 
mmmt. 1 t> i-?*wres£tt 

[ 0 0 0 5 ] y-^g3ft6®Mb^WtRJ&r 

z<7)z.^<r)*m{z£ 0 . sw^s^fk^w • «a««sfs 

[0006] gfigtt. 0ra^>B* { ^fljt¥H'fb. ^y- 

5 y-<offl««cMPigtuftsa^H^-c*s. 
sfl^i. mmm. &zvz<rmn^m%mmnm{i l z 

[0007] mm*? u-mmizmm^tihwmsfm 

'<7HB, SIS. ^fLtt^y^V^VSM^k'tOSft^ 
^Wtt^ft^Bn. tJit^CMP^te^^S^^ms 

Bf^x^y-iifi^ft^ffiO^TLtr^ii^fi., Ri^ 
traitcJ: 1 ?. CMPcott^Tv^^i^tSfex^y 

[0008] sa«ocMP{i. jtah&itmftzmmz 

iz^mifibtZbifihip-oX^t. fsawCMP^a^; 

s«f^ffl (cu ) mze&mizwa^hm. n^m 

*-:ry • 7-f-^KfcioT^lfft<t^^Cu^ 
t\ Cu^^-f-^Offi^S^S^^^^ffltSE 

[0009] (Cu ) a^y 
Sr^ttB, fcfc*tfTaVraN&fc'<0AyrJf#. « 
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tit. actccu^fettcu^^ ®My*. mws 

mmm < p vd ) . tmtm o ox;*st<9iagtii 
v&wmmwm (cvd> wot. as^s, 

000A~#>18, 000AcOS$T-«S$il*. ffl^ 
? 7 A -fe'-v g y&tf>»7 x^flBMfcoBL HRfcfl 
^>r-f •yvy/tfjg.r&Cifcfc.kD. EfcftO. 18 

«!HcSe*3fc4. 10 
[00 10] Cu^Cu^{~CMP£Mrt«f#8^-e 

CKMIU^SttTV^. tsS#OCufcJ:tfCu-£&JBC 

mp*9u-«l mmm-. wm. axxm 
mmm^ts. m&cup\*mm*mtt.Lxm 
tt&miz?&z t tz* of^ffl-rs . tgflm&g£Kft 

u xjv-wzmm-t&tiftzmnztix^h. mm 

s. 20 
[00 11] i£ftMi3^±fc:iSftt8i£Ma£U ilv> 

[0012] mmm<r>mmLZte. mmmcom- 

tfEBR (i.yy • t-Ki££) mm ixmwztix 
[0013] msMttmumz-Mim** 

-Tigtt* 5 * o . £*u£is. wmxmwzmkzti?, 50 
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emmmjMiz&vxte. vm^i^ommsi^m 
mttm^im^xho. 'bXff. wmxux&< 

&-&lzmgmZ5-z.t}5*ix#i>h. LfrUrtte. 

[0014] WfcSSitfctJWC. «t O/hSSr-rarm 
fcttv-y- y^-tS fctfxo&SfSfut C M P ^;fr8cl&# 

imtztixm. ztit>tz j: o*is<o^^ £ 

JffcJHMrt-ifcatfK x-f «y^>-^*^<. OTP 
[0015] 

[f6M2r»»i-rS^O#a] *^7>-||tggS(i, 

[0016] *hhbco$ A.^i»js«fciif-e<offi<o!Rfa 
im&)muzt5^xw$>frt%?>oL. itzn*mi 

*$m?&Ztlz£'0®MZtihX'h*>d . 

[0017] *hbh(c iwr. mi&vmmtzcmom 

<y>^^ y r +fc>f ^-y^flms-^tf c m pa^«)fc«J: 
£ t y v— 7$7?^r fc* <7>v h y ? .xttfc^ 
&m j $&m4*>%t\ cMpgfSxs+fc^^its 

[0018] HiSJfagfcii. ^0 . 5MMt%&±(OH * 

y$mm. m . o o 5mm%\2±<7yy%< 1 1 1 ^> 
ok^w. fci^ i maxmLCD&KK 1 1, 1 

^«J2r. *tt*-vUT#fc*L-Ov&CMP«j£!|fc&% 

tns. -f^y^fij^i. yfctt^^yr+o^a^ 

5 0 0 ^ m^^F%ttg^^fOt'-XJgttlc-rS i t 
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[0019] xmimmmmit. 4 * >$mmzn 
a. 

[oo2o] mmmizit. k-x t . *m#muz& w 
nmz&ttmm>* yvtfi!£tih. *im<?>wmm 

[oo2i] *mi<r)Zt>%z>fm\i. *mm&m 

t. mm&^nmzwmztz&i'y-yr-r&im. 

[0022] mimmtzii. wsi£tzitms±<omz. 
a *yjmmz-kttmm'*v vxmm-ttx'r *y. 20 
ttziu *y^mz-ktiCMPmsm>izx-oxmg. 

[0023] maaut&t* *mumm£wm-r&j} 

m. 4Jtymtom*istsm>>^/Y<r>m.. axx/m 

[0024] *mKvm<r>mmtt. UTcommzmw 

fr^m^tz^izWhtriiZtto . Pittl^SiBHT'tt. 

*m*mtt&fzMzm&2ixfr&&c?>Bmt:^z 
tizt 0. xmiemmmmi^-tK mmztix 30 

mmzti&xoiz. ^^mt^mmm^m^ 
zmmmjfflmxh*). zn^K^crmmtt^x 
*mfrt>mtrzzt%<. 
$3&pm&?b&. Lft^t. mm>mm\i^miz 

[0025] 

BM&mi&ti. wfflizwMzn&tzMz. mmmiz 
mb-tm&mzmLLx. x *)M{m%m&>mmt: 
ffa. L&L%tfe>. mmrn\t*%m<7)mwm:mfo 40 

BB<n*-mWt&i><0?i>'). lKW->X<$-mHiZ 
(Dgmiz®g.2ti&i><ob%ie>ti&'<>ZX'\&:< . * 

(mm l < wkwfcmmmwtffi h t <r>xt> h . 

[0026] C M PlgrWcJBJ^iut-f * 

yi®fc&£V/£tzit*V-hfcfZ>fi:tb(D4*ylt. 
WMaymtzmth. Z<Dio%4*y$mmii.. 
C M PIS+T'B Wtf)Jftf>x >y ^y^fc®^#S:&Q'L 

< , 4 ^y^msmummcoTmy -r itzt 50 
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y^mcoit^mitBm>mcomizmm^tix^ 
*). tizt^x. m&&wz%tt&mmmizim 
-rimz. m*vi-yr*m&i#*>-r£mftm& 

mmmm. mzwmrnm^mmmma 
z.v/£iz\ti'y-yv\zt$\vi:$.&d. riv^y? 

*®ltrtfflmiz*t&L. ZtiZM'Mtf&fzitHz. CM 

pimk<r>fc¥w&mmizmi-x. tmztuzKt 
x. 4*y3&mmt&mt&t^dmi£mt>tiJz 
i><Dx-i>&. 

[0027] idTffl^-cv^idfc. 4*y-&mm 

tit. m4*y£t:te®4*ytm£Wfgtt&c:tm 

xffl^tztttmzft^mimixwo. ztit>m 

W*Iffi%'g®mt. v h U LfcBSKSttSIS 
fitLTa^. CMP4>£&*£*i*:!fiJlt£ffiS, as* 

■r&ztwxzz. 

[ 0 0 2 8 ] tfH * V388!|Jj€#fcl^>*iT*5 0 . -e 

^Ltzj*yjmmMtis&4*y£&mm. 
umimm. tJitf-b^s 2.7 -zs-7<?) 

ztuz&m^ *y%}i<wmt mms6£iz\t*\s 

mmztttpi&iz&^x&z 5 . 
[ 0 0 2 9 ] 4 ny^mmt. ^<r>M[yt^m. 

w>4*yimm\*. *v-ym *yimm& 
if. m&mimkLxgmztix»&. 

[0030] ZZXm^tlX^iidiz. mitttzit 
YW*y?m®m\±. x+vy/W-iVKy 
My ■ *^-YW*y$mm%b\ sKU v- • 7h 
U ?*KIS£L*:;J>$r< 1 1> lo^ffifi^S:^. -eo 
Sfi^CMPSlfflfftO^JSaS:^ ^P-h-fb. fc 

^cJ^Ab* 5 . Rohm and Haas Compa 
nyfrdfimZtlX^Z,. 

[0031] >f^y^fi9|gli. ffl^^^^y=5rt* 

-eoJ: ?%®mt LX. l^V±<7)T$y&&£V/£ 

K5yH<0Dow Chemical, CoH 
rUIK^it. fcfc i.lf*BRflt^4 , 0 3 1, 0 3 8^Z 
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-trj'j;pr$y. n ?-a— 2 - fc* =» y at 5 y . 

N- (2-;*^AT$/x?-^) -2-triyAT$ 

fcJ:tft*X- (2-tT3U;l/) TSySrk'S-^TtS 
x^yy-y't'x/i^-fefygjigfcL 

[00 3 2] 4*y£BW&fIfcL £?ltt£>t'-X:flL 7 

zmz&wmtmmxwttz z. t & . mvx 
*y&Mx&BtoJt&>. mmtsm&mm^tix 

K&E ^Sf < fc fc l ^witty^-. tJ 
j:t«t¥K«ttiree&»o^< k t> iootrffi<te 

ii*£3*u mmmtz 

■Hut o *>^#v^i%i«?r^t'-xttt-rs^ k & 
•ess. 

[0033] mm&^y7-<mut. x^-vy. r 

h-;i^#g|^ y k x »f y. ? ? y ;Hg. y. * 

?y/nas. y*?yAT$ fcitfT^yo^y 

A-fcHofc, T?yA^y^-2fc»iy*?yA*yv 

(MMi. y'b'-A^y-fe'y. y'b'x^wpxy. y'b* 

y, yt'^H/'7i-rt'I-fA'. y't'^y'7i^ 
XA7*y5rfcV). Mftifc«*aiBWf<Jlf=A^I 
ftSty?^ fckxfcfxf-yy /'J3-;i,- y'y 
y A&fi^y'xf-yy - ^y • y'y;?:? y;p 
k'OTA* W y • 9 ? U Agag^. h U y f- 

u-a - rw?y • Hjy ? ? V)Vem&£<vrns*i> 
-b • 'jamb, N. N' 

**UAT$ F&kWA^-yy • jKIM^IM'TS 40 

K&k\ ^asiajigiiM^yT^y/nreyv-^ 
rniflsty^-^tcti. N-bKu*yy* 
AT^yATSK, b'xA- 7i/-;l/, yy^n^y 
f-^ • .*??y*ntt. h Ko^yjtf-;Hky*r-t h 
y ■ T^'JATS K. T'JA • N-yf-n-A#AA$ 

y&e. *asa-n" -T?yn-< a- y^-yyy'T 
$y. 2-r-fehr-feh^yxf-^- y^^y;i^ig. 
2-yryr-bh^yx^ y??yAias. n- 

(2-T-bhT-feh*yx^/k) T? 'J ATS tii 
tfN (2-7-bhT-fchTS Kxf-A) *99VfrT% » 
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[0 0 34] 4*y$Hmmtit:. 7xy-A*AA 

tat t ms$<mm<D£ d msmsizx -,xi>k 

y$3mm*. fct,fcfti9«ov i- y ?xisj!t<oB8ft::«k 
it. 7 < aa v p. ^aaraafcof^ 

[0035] ^flH±im^ffl^TSI^«c 

ZtthZbtfTZh. t^d<n\i. AoyyafcioT 
asi^ii^m? h y ^xmmm^r s y t y yy 
kSJB^-frT. 5^-*$-j$-9y^-yyrsyf yyy 
Sffi^v h y ^ xgjflgfciiSr& L^-f ?r y3c!ftffliig^# 

[0 03 6]¥3S<*g«L «5H*S«. *Jj:t^««IR 

ztit>wmist!m£¥iB{tt5£Vi'y-y7-t& 

< b i> \m4*y?zmmm*>. m*%m&)tm 
[0037] Kb ik. mi&£x/m2u*m]m\m 

fc. *$m\±. <-X 1 2 b<-X 1 2±<0-f jj-y^aft 

*y^ti)^«<-x<o±tJi»«i&fco. 

[0 03 8] 2«i^ny^yi7y^y^r 

^cSi^l 4li#Hfltty-h«m ji K si@tco^?Ley- 
«J{:^-xi2JSa*\ *SvMi<-xi 

[ 0 0 3 9 ] B2IJ4 ^y^&fcMfcS-frW't-/ 

^-^12liJifcB185:*L^ «18 
l±rtgMc«SWM *y^cS«4^ 2 0 5r«Wi*^ 
A$-frT^TV^. «18Ji. ?mim&bffl£t& 
^<0»I(3'¥ffl^iS2 2i&^ s *fe«18«. 

$ fHimn&tivM xy&mttvmthxv ?y 
^ywidc :mtt*y^Hre&y#!>. -f^y^c 

^i44«18t:^fc:^SSLTV^^i^v\ 
i.tf*l|BBT'J±. K-Xtcb'mL<r>4*y$Lmti-*m 

[0040] JftBKWtv H Sr . C M P tiift 

%(r>m?>mizm-£is-£xmzbiMmv$>&. ^k 
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h{mm%m.owmtw^. mj&s^mt lx 
imt&zbtf?z&. xmkvmmmiz&^x. a 

[oo4i] naix. tuiisnmz. fc« 

^y*^^*. fflRTAd-zK /ija-Mfcttt 

imthzkwzi. 

[0042] CdTteffl^ii&idC. CMPWt 

Mi=/>-y7L^<i-&zt#X'Z&mcMzm 
•t. *#jrc«L j*yjmim. tctu$ivm'~& 
5 o o ummwm&tt-$-him€-xB#.<r)4 
*y$^mt%ttcMPW&M*%ix&'). tiki 

tft'-Xiifi 0. 2u m-Hft 1 0 0 u m<W%Ig-C& 

[0043] *56«5jc94 *y£&MHi. $ ^.fcffilgai 
fcLTffflH-* -Wife* 9, ffltf+fcSFig 

*>*u.. 4*>?mmii. mo. 05*4 

o. 5ma%~^j2 5MM%xi>h> 

[0044] xmicmmmizts^x , c m pa^ 

a *y&m&ix//£ti\±*u-h{L-t&z tiMm 
zminwrnzfri. x^y ?x®m%k' 
x-hh. 

[0045] mincupmLMzmamtiimz. hti 
s. tikHicMPmma. ^<ti>i^<m{m 

z&wwfrWi-m. &t:iz4*yki-&t:if>&;mT 

[oo4 6] zztm^ti&xo^ mfmtit-m 
momfrbVfzzim'o. ztuzx^xmco 

iztite^yztetta-fy^ fyfxT-y 
iffit<?y?ATy£. mtumt* a^r/i^-^ 

&*m<kTJl>$-*;Mzt&. sWMfcHHBHtt, cm 
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pffljs%rtfc:ffl*a^nT. &m^. 1-fy. m*? 
y. 9y?>v. m. fyyxry. r/i/ 

$-?A/8i£&$:fc'<7>T/l'$:^A£&££tJ&g'<. 

msizmxbt. 

[0047] *mnznm%mffflte. fct i» t Ka 

/m-^f. -is«EigJs. zjasagg. ****v«m 
i- h v wemm- h y * a*(*&*i* . mmt. 

juats* is^kjs. ^aAi&B. s^sikjs. 3 
a XVTy*-<>J>vmw; 

A (IV) fll^ft^ifLS. 
[0 04 8]lK^«iCMPfflj£^*S|0. 0 5-^9 

ons%(ommmx?tFfcez. ^tamo. im& 
%~*72oafi%-e*s. xmico-mmmx-u. c 

[ 0 0 4 9 ] C M PflMm£fc»F»R**tr i fc t"C^ 

mmmttx. r^s^ f-^-r. y;^-r, 

v^r. j/'j*. -byrtiJ:tfCii^<oa^«o&»fe55rS 
SiO^T^S. *K6Wo-HiBBJBTIi. cmp» 
Jfcttfctiftl. 0Mft%-H»5 0MS%, fcfci.lfi^2 

[0050] *^BBWCMPffl^«Jtfia&6>iJ,fcSS^ 

hzttfx-zh. iztmwmmimtmz-hzktfx' 

~JK &£tf<y*/1-TY-)W:t'<m&{t£Vi)k. Z 
ftMb^Bjtf)*®*. T5y«. -f5y». 

[0051] *cMPmmizm&'i*yitmm<r) 
mm* *) . m^^^m^m^mmztchtK 

so mzztmmx'hbo . r^tov^T. 
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cMPfijfcftfcii. m^msx^o^ms. imm 
sivzti^mtmfiiimxh'). mmmim 

m. t5£VztiL>com%t'ffi>&. mmiawmfrt, 
miR*imxb&. mm. Tisvym. mm. 
tirvym. trvym. tryjvm. ?*>m. rn> 

rv^-ivm. tm. y~?)vm. ilk. 
ym. vydwu -?u4>m. sux^-y 
m. is*vm. >v\,$i->m. ?u\z*y 
m. mvym. xfr vym. mm. mzm. 

[oo52j zomo&Kiahtimmmami. *n 

m<n 1Mb LX. m&ti5£V/*tMZ<7>&&$> o . 

wmxyv-k.&toztix. *?*>\*<rt-9y*?9y* 
mmmizit. vam. vym. mm. r y*-v ajs. 

^'J^AJfi. ^-hU^AJS. SSKS^ 

y ym&(o*i-* ymtfitt tit . 

[0053] iHtfra^trSfigx:? o-e>. tkm>m 

mm. £%M*Mzft$ffl%t\ m«tt&mimz 

ttumj *y#m%&m. bm 
m. $M*y&iMmM. htwmwmmmc 
$>*)&. iMi2^&±<7>ftmmMsm*-Ghitx& 
m-tz>zbi>xz&. $t>iz#ffitt®M£%m-&zb 

li. ^i^fiAlW^- (WIWNU) SrKSF-TS 
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I Title of I QTcnt i eo 
ION EXCHANGE MATERIALS FOR CHEMICAL 
MECHANICAL POLISHING 

2 Claims 

1 . A polishing composition comprising an ion exchange material and a carrier. 

2. Tbe composition of claim I, wherein the ion exchange material comprises about 
0.05 wl % to about 25 wt % of the composition. 

3. The composition of claim 1 , comprise ng at least one ox idizing agent. 

4. Tbe composition of claim 3, wherein the oxidizing aecnt comprises about 0. 1 wt% 
to about 1 0 wt% of the composition. 

5. Tbe composition of claim 4, wherein the oxidizing agent comprises hydrogen 
peroxide. 

6. Tbe composition of claim 4, comprising abrasive particles. 

7. The composition of claim 6, wherein the abrasive particles comprise alumina 
and/or silica particles. 

8. The composition of claim 6. wherein the ion exchange material comprises the 
abrasive particles. 

o. The composition of claim 1, wherein the ion exchange material comprises a 
slyrcnic resin having at least one aminc> pyridinyl group, picolylamino group, 
arainopyri dines, or combinations thereof. 

10. The composition of claim 1 , suitable for chemical mechanical polishing a metal 

1 1. The composition of daim 10, wherein the meial comprises copper. 

12. The composition of claim 1, further comprising at least one film fecraing agent 
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13. The composition of claim 1, comprising no less than about 0.5 wt% of the ion 
exchange material, no less than about 0.005 wt% f at leasi one oxidizing agent, no less 
than about 1 wt% of at least one abrasive in an aqueous carrier. 

14. The composition of claim 1, comprising about 0.05 wt % to about 20 wt% of the 
ion exchange material, about 0.1 wt % to about 10 wt% of an oxidizing agent, and about 2 
wt % to about 20 wt % of an abrasive. 

15. The composition of claim 14, wherein the ion exchange material comprises an ion 
exchange resin capable of complexing with a metal or metal ions in the aqueous carrier. 

16. The composition of claim 15, wherein the ion exchange resin is in the form of 
beads having an average diameter of less tlia.i 1 micron to about 500 microns. 

17. A polishing pad comprising an ion exchange material. 

18. The polishing pad of claim 17, further comprising a base, wherein the ion 
exchange material is disposed on the base, and wherein the ion exchange material has a 
substantially planar surface for contacting a semiconductor substrate. 

19. The polishing pad of claim 17, wherein the ion cxcliange material is embedded in 
the polishing pad. 

20. A method of polishing a substrate, the method comprising: 
providing a semiconductor substrate; and 

polishing the substrate with a CMP composition comprising an ion exchange 
material. 

21. The method of claim 20, further comprising: 
forming a dielectric layer on the substrate; 
forming a barrier layer on the dielectric layer; 
forming a conductive layer over the barrier layer; 
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polishing the conductive layer with the CMP completion until a portion of the 
barrier layer is exposed; and 

polishing the barrier layer to expose a top surface of ihc dielectric layer. 

22. The method of claim 21, comprising: forming a copper containing layer over the 
barrier layer as the conductive layer. 

23. I he method of claim 22, comprising polishing the copper containing layer with the 
CMP composition wherein the ion exchange material comprises an ion exchange material 
capable of completing with a metal or metal ions. 

24. The method of claim 23, comprising polishing the copper containing layer with die 
CMP composition comprising the ion exchange material and an oxidizer in an aqueous 
carrier, wherein the ion exchange material comprises a sryrenic polymer having at least 
one amine or pyridinyl moifly and is in the form of beads having an average diameter of 
less than 1 micron to about 500 microns. 

25. A method of polishing a substrate, the method compi :sing: 
providing a semiconductor substrate; and 

polishing the substrate with a polishing pad, wherein rhc polishing pad comprises 
an ion exchange material. 

26. The method of claim 25, wherein the ion exchange material comprises an ion 
exchange material capable of coinplexing with a metal or metal ions. 

27. The method of claim 26, farther comprising: 
forming a dielectric layer on the substrate; 
forming a barrier layer on the dielectric layer, 

forming a copper containing layer on die barrier layer, and 
polishing the copper containing layer with the polishing pac*. 

28. The rnethod of claim 25, comprising polishing the substrate with the polishing pad 
and a CMP composition comprising an ion exchange material. 
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29. A method of cleaning a substrate, the method comprising: 
providing a substrate having a bevel edge; 

providing a cleaning pad comprising an ion exchange material; and 
polishing the substrate with the cleaning pad. 

30. The method of claim 29, wherein the cleaning pad comprises an ion exchange 
material embedded in a binder material. 

31. The method of claim 30, wherein the binder material is a porous polymeric 
material. 

32. Trie method of claim 29, wherein the ion exchange material and binder material 
comprise a deformable material. 

33. The method of claim 32, wherein polishing the substrate with the cleaning pad 
comprises polishing the bevel edge of the substrate. 

34. The method of claim 32, wherein polishing the substrate with the cleaning pad 
comprises polishing a backside of the substmte. 

35. Hie method of claim 29* wherein the ion exchange material comprises an ion 
exchange material capable of complexing with a metal or nu-tal ions. 

36. The method of claim 35, wherein thj ion exchange material comprises a styrcnic 
resin having at least one amine, pyridinyl group, picolylanrnc iroup, aminopyridines, or 
combinations thereof. 

37. The method of claim 29, wherein the cleaning pad comprises an ion exchange 
material polymer sheet 

38. The method of claim 37, wherein the cleaning pad has a porosity between about 50 
vol% and 90 vol% of the polymer sheet comprises an ion exchange material embedded in 
a binder material. 

39. The method of claim 37, wherein the cleaning j^ad lias a compressive stress 
between about 0.1 kgfan 2 and about 50 kg/an 2 . 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

Tho present invention relates generally to Chemical-mechanical polishing (CMP) 
and products used therefor. More particularly, the present invention relates to fabricating 
semiconductor devices by planarizing and/or thinning layers on a semiconductor substrate 
by CMP. The present invention is applicable to manufacturing high speed integrated 
circuits having submicron design features and high conductivity interconnect structures 
with high production throughput 

Background of the Related Art 

Integrated circuits are typically formed on substrates, particularly semiconductor 
substrates, such as monocrystalhne silicon substrates, by sequentially depositing and 
etching conductive, semi conductive and/or insuladve layers to ultimately form a plurality 
of features and devices. The active devices, which arc initially isolated from one another, 
are interconnected to form functional circuits and components through the use of well- 
known multilevel interconnections. 

CMP is pervasively employed at strategic stages in the fabrication of 
semiconductor devices to remove topographical irregularities and/or reduce the thickness 
of a particular layer to achieve planar surfaces and/or thinner layers. CMP is performed 
not only on a semiconductor substrate itself, but also on various dielectric layers, barrier 
layers, conductive layers, or layers containing a combination of the above materials. CMP 
is, therefore, particularly important in the manufacture of high density multilevel 
semiconductor devices. 

Generally, CMP involves subjecting a target surface to mechanical abrasion and 
chemical action, as with a polishing pad and abrasive chemical slurry, to effect removal of 
surface materials. In conventional CMP techniques, a semiconductor substrate in need of 
planarization and/or thinning is mounted on a carrier or polishing head. The exposed 
surface of Che substrate is then placed against a rotating polishing pad which in turn is 
mounted on a rotating platen driven by an external driving force. The carrier provides a 
controllable force, i.e. pressure, urging the substrate against the rotating polishing pad. 
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Additionally, die carrier may rotate to affect the relative velocity distribution over the 
surface of the substrate. A polishing slurry, typically containing an abrasive and at least 
one chemically-reactive agent, may be distributed over the polishing pad to provide an 
abrasive chemical solution at the interface between Che pad and substrate. 

The slurry initiates the polishing process by chemically reacting with the layer 
being polished. The polishing process is facilitated by the rotational movement of the pad 
relative to the substrate as slurry is provided to the Bubstrate/pad interface. The dual 
mechanisms effect the chemical and mechanical polishing of the target layer. 

Polishing is continued in this manner until the desired layer is appropriately 
planarizcd. thinned, or removed. The slurry composition is an important factor in the CMP 
step. Depending on the choice of the oxidizing agent, the abrasive, and other useful 
additives, the polishing slurry can be tailored to provide effective polishing to metal layers 
at desired polishing rates while minimizing surface imperfections, defects, corrosion and 
erosion. 

Conventional polishing pads employed in abrasive slurry processing typically 
comprise a grooved porous polymeric surface, such as a porous poryurcthanc surface, and 
the abrasive slurry varied in accordance with the particular material undergoing CMP. 
Basically, the abrasive slurry is impregnated into the pores of the polymeric surface white 
the grooves convey the abrasive slurry to the wafer undergoing CMP. 

Although conventional CMP is pervasively employed throughout the 
semiconductor Tnanufatfuring process with similar success and limitations, CMP of metal 
layers in the fabrication of interconnects for integrated circuits have proved particularly 
problematic. In applying conventional CMP planarization techniques to a metal layer, such 
as a copper (Cu) film, it is extremely difficult to achieve a high degree surface uniformity, 
particularly across a surface extending from a dense array of Cu features, e.g., Cu lines, 
bordered by an open field. 

A dense array of metal (Cu) features is typically formed in an in tor layer dielectric, 
such as a silicon oxide layer, by a damascene technique wherein trenches are initially 
formed. A barrier layer, such as a Ta-containing layer e.g^ Ta, TaN, is then deposited 
lining the trenches and on the upper surface of the silicon oxide interlayer dielectric. Cu or 
a Cu alloy is then deposited, as by electroplating, electroles; plating, physical vapor 
deposition (PVD) at a temperature of about 50 °C to about 150 ° C or chemical vapor 
deposition (CVD) at a temperature under about 200 "C, typically at a thickness of about 
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8,000 A to about 18,000 A. In planarizing the wafer surface after copper metallization, 
erosion and dishing arc typically encountered, thereby decreasing the degree of surface 
uniformity or planarity and challenging the depth f focus limitations of conventional 
photolithographic techniques, particular with respect to achieving submicron dimensions, 
suck as below about 0. 18 micron. 

Conventional techniques for CMP Cu and Cu alloys consequently exhibit 
unacceptably low polishing rates or poor polishing results. Conventional CMP slurries for 
Cu and Cu alloys contain abrasive particles, an oxidizer, a complexing agent, and a film 
forming agent Conventional CMP operates by oxidizing the surface of the metal to a 
metal oxide. 7ne complexing agent also has a propensity to oxidize the metal but is added 
primarily to complex and dissolve die formed metal oxide into the slurry. Abrasion by die 
abrasive particles completes the removal and planarization of the metal layer. 

The oxidizers form an oxide film on the metal layer and typically stop etching once 
a thin oxide film forms. Conventional complexing agents are small organic molecules, 
such as a carboxylic acids, amines, their salts. The complexing agents, however, tend to 
attack the metal layer as well as any formed oxide film further etching the metal layer. 
Further, the use of small molecules tends to diffuse to the metal/oxide interface, or simply 
diffuses through the less dense oxide film due to their small size and affinity for the metal 
surface causing continued etching of the target metal. Such ovcr<tching of metal lines 
results in dishing which may form capillary forces to suck the aqueous solution thereby 
exacerbating dishing. Currently, dishing is a significant problem in CMP of metal layers, 
particularly Cu and Cu alloys. 

Another difficulty of polishing substrate Is achieving uniform planarity of the 
substrate surface. Uniform planarity includes the uniform removal of material from the 
surface of substrates as well as removing non-uniform layers which have been deposited 
on the substrate. For example, the edge area, or bevel edge, of the substrate may receive 
an excess amount or minimal amount of deposition, typically referred to as an edge bead, 
during the deposition process. This edge area of the substrate is often described as the 
edge bead removal (EBR) area. 

Excess materials, such as copper or tungsten, deposited on the beveled edge of a 
substrate tends to flake or peel off during chemical mechanical polishing, which particles 
may damage adjacent portions of the substrate and can detrimentally affect processing 
uniformity by the polishing pad on subsequent substrates. Material may also be deposited 
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on the backside of the substrate which is not normally removed during a polishing process 
and also provides a potential source of particle during processing. Alternatively, minimal 
depositions of material are n t pJanarized in many conventional pohshing processes and 
may also result in a non-planar surface. Therefore, the copper or tungsten deposited on die 
bevel edge and EBR area is usually of a different level as the tungsten material deposited 
on the rest of the substrate surface which particles can detrimentally affect subsequent 
uniformity in a polishing process. However, the different levels of material on the 
substrate surface make removal of the non-planar depositions and the formation of a 
planarized surface difficult with current processes. 

Improved CMP materials and methodology for planarizing and/or thinning layers 
and thin films associated with smaller-sized design features in semiconductor fabrication 
is needed which reduce surface imperfections, defects and erosion. There exists a 
particular need for a CMP composition for planarizing Cu and Cu metal alloy layers with 
reduced dishing, increased surface planarity, increased throughput and reduced 
manufacturing costs. 

SUMMARY OF THE INVENTION 

An aspect of the present invention is a CMP composition for planarizing and/or 
thinning a semiconductor substrate or layers thereon, particularly metal layers, such as 
copper containing layers. Another aspect of the present invention is a polishing pad for 
CMP for planarizing and/or thinning a semiconductor substrate or layers thereon with 
improved surface planarity , increased throughput and reduced manufacturing costs. 

Additional aspects and other features of the present invention will be set forth in 
part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from the 
practice of the present invention. The aspects of the present invention may be realized and 
obtained as particularly pointed out in the appended claims. 

According to the present invention, the foregoing and other aspects are 
implemented in part by a CMP composition comprising an ion exchange material in a 
carrier, such as an aqueous medium, eg. deionized water or a mixture of de ionized water 
with a lower alcohol, glycol, etc. The ion exchange material of the present invention 
comprises a matrix material, e.g. a polymer or ceramic, having a plurality of fixed ligands 
capable of complexing with and/or chelating material produced during a CMP polishing 
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process, such as metals or metal ions produced during ihe polishing of metal containing 
layers. 

Embodiments include a CMP composition comprising no less than about 0.5 wt% 
of the ion exchange material and no less than about 0.005 wt% of at least one oxidizing 
agent, no less than about 1 wt% of at least one abrasive in an aqueous carrier. The ion 
exchange material can be capable of completing with a metal or metal ions in the aqueous 
carrier and be in the form of beads having an average diameter of less than 1 micron to 
about 500 microns. In an embodiment of the present invention, the ion exchange material 
function as an abrasive and, hence, replace the conventional abrasive particles in the 
composition. 

Another aspect of the present invention is a polishing pad for CMP comprising an 
ion exchange material. Embodiments include a polishing pad containing a matrix material 
having a plurality of fixed moieties capable of complexing with materials produced by the 
polishing and chemical activity in a CMP process. 

Embodiments include a polishing pad comprising a base and the ion exchange 
material on the base having a substantially planar surface for contacting a semiconductor 
substrate. In another embodiment of the present invention, the ion exchange material is 
embedded in the polishing pad. 

A further aspect of the present invention is a method for polishing a semiconductor 
substrate. The method comprises providing a substrate and a means for polishing or 
thinning the substrate or a layer thereon. 

Embodiments include polishing the substrate or a layer thereon with a polishing 
pad comprising an ion exchange material or polishing the substrate with a CMP 
composition comprising an ion exchange material or both. 

In another aspect, die invention provides a method of polishing a substrate, the 
method comprising providing a substrate having a bevel edge, providing a cleaning pad 
comprising an ion exchange material, and polishing the substrate with the cleaning pad. 

Additional aspects of the present invention will become readily apparent to those 
skilled in this art from the following detailed description, wherein embodiments of the 
present invention are described, simply by way of illustration of the best mode 
contemplated for carrying out the present invention. As will be realized, the present 
invention is capable of other and different embodiments, and its several details are capable 
of modifications in various obvious respects, all without departing from the present 

invention. Accordingly, the drawings and description arc to be regarded as illustrative in 
nature, and not as restrictive 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention relates to the use of ion exchange materials for complexing 
and/or chelating ions formed during the CMP process. Such ion exchange materials are 
capable of effecting chemical activity in a CMP process without the deleterious effect of 
etching or eroding the target layer. Without being bound to any theory, it is believed that 
since the ion exchange material is relatively large compared to the underlying features 
(e.g. metal lines) of the target layer, die ion exchange material can not diffuse through or 
easily etch into the target layer thereby limiting the chemical activity to the medium 
comprising the CMP composition. It is further believed that the chemical activity of the 
ton exchange material is limited to the surface of the target layer thereby effecting 
chemical activity without the attendant etching or erosion which is prevalent in penetrating 
small, chemically active agents. Hence, the present invention is directed to the concept of 
employing ion exchange materials in addition to, or, as a substitute for, clicmically active 
agents in CMP methodologies to address and minimize problematic dishing and erosion 
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encountered in the manufacture of high density integrated circuits, particularly in the 
polishing and/or thinning of layers associated with die fabrication of interconnects. 

As used herein, an ion exchange materia] refers to a material having an extended, 
open molecular framework that includes electrically charged or chargeable groups capable 
of forming complexes with anions or cations. These chargeable functional groups serve as 
active, fixed sites bound to a matrix material where materials removed during CMP can be 
captured and retained 

Many ion exchange materials arc known and arc suitable for use in embodiments 
of the present invention. These suitable ion exchange materials include synthetic ion 
exchange resins, macroporous resins and synthetic inorganic exchanges, such as ceramic 
molecular sieves. The ion exchange materials for use in the present invention can complex 
or chelate with materials, such as metals or ions, formed during CMP and in the CMP 
medium without adversely aiTecting the larget surface subjected to CMP. Complexatkxi 
and/or chelation of materials in the CMP medium can occur at the surface or at the interior 
of a porous ion exchange material. 

Ion exchange materials can be tailored lo complex or chelate with particular ions. 
Many commercially available ion exchange materials are manufactured as polymeric 
resins, such as chelating ion exchange resins. 

As used herein, a compJcxing or chelating ion exchange resin is one that has at 
least one ligand bound to a polymer matrix and where the ligand can complex, chelate or 
otherwise retain a species produce during a CMP process, such as a 
styrene/divinylbcnzcnc chelating ion exchange resin. Suitable ion exchange resins am 
available from the Rohm and Haas Company. 

Ion exchange resins can be tailored for complcxing with metals or their ions, such 
as copper metal and copper ions. Such resins arc commercially available, such as a 
styrenic resin having one or more amine and/or pyridinyl groups, from the Dow Chemical, 
Co of Midland Michigan and disclosed, for example, in U. S. Patent No. 4,031,038. 
Styrene-divinylbenzenc resin having a plurality of picolylamine groups, eg. 
2-picolylamme, N-methyl-2-picolylamine, N^2-byctoxyemyl>2-picolylamine, 
N<2-n^thylarminc^yl)-2picolylamine and bis-(2-picoryl)amine, have a high capacity 
for complcxing and retaining metals and metal ions, particularly copper and nickel, from 
dilute aqueous media. 
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Ion exchange resins can be manufactured in a variety of different physical forms, 
such as a porous bead, film, membrane, fiber, or irregularly shaped particles. For the 
production of spherical ion exchange resins, suspension polymerization has been 
conventionally employed. According to such methods, a mixture comprising at least one 
monofuncrional monomer, at least one po Afunctional monomer and at least one 
functionalized monomer having chemically reactive functional groups arc admixed and 
typically polymerized in an aqueous medium to obtain a spherical cross-linked copolymer. 
T he cross-linked resins can be further reacted to form cation or anion exchange resins. The 
spherical copolymers can be polymerized or further processed to bead from having an 
average size of less than one micron to about several LOO microns or higher. 

Examples of the monofunctional monomer include a monovinyi aromatic 
monomer such as stymie, alkyl-substituted styrene, (e.g. vinyholuene and 
cthylvinylbenzene), halogen-substituted styrene (e.g. bromo or chJorostyrene), or 
vinjmaphthalcnc; and an aliphatic monomer such as an acrylic or methacrylic monomer, 
e.g. methacrylic acid, methacrylate, raethacrylamide and acrylonitrile. Examples of the 
poly functional monomers include substituted or unsubstituted polyvinyl aromatic 
monomers, such as divinylbenzenc, divinyltoluenc. divinylxylene, divinylnaphthalene. 
trivinylbenzene, divinyldiphenylether, m'vinyld^riienYlsulfone; and unsubstituted aliphatic 
polyacrylic monomers such as alkylcne di-methacrylatc, e.g. ethylene glycol or dicthylcne 
glycol dimethacrylate and the like, alkylcne polymcthacrylate, e.g. himethylolpropane 
tri-methacrylate and the tike, or alkylcne polymcthacrylainidc. eg. NJ^ '-methylene di- 
methacrylamide and the like. Examples of functionalized monomers include 
N^iydroxymethylar^lamide, vinyl phenol, dicyclopentenyl methacrylate, 
hydroxyniethylated diacctone acrylamidc, allyl N-nicmytolcafbamalc, formyl-N'-acryloyl 
mcthylenediamine, 2-acctoacetoxyethyl methacrylate, 2-cyanoacetoxyethyl methacrylate, 
N<2-acetoacetoxyethyl) acrylamide, and N(2«acetoacetamickxnhyl)mediacrylamide. 

Ion exchange resins can also be prepared by condensation rjc4ymorizatton, such as 
in the manufacture of phcrwl-fornialdehydc resins. The ion exchange resins made by 
condensation polymerization can also be prepared as a film, membrane, fiber, irregularly 
shaped particles or other physical forms depending primarily on the form of the initial 
matrix resin. 

After polymerization, the resins can be funhcr derivatized with functional groups, 
such as reacting a cross-linked matrix resin substituted with halo groups with certain 
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aminopyridincs to give an ion exchange resin with pendent methylcneaminopyridinc 
ligands attached to the matrix resin. 

Polishing pads for planar&ng and thinning semi conductive, insulative and 
conductive substrates and layers containing those materials are known and their 
manufacture is also known. In accordance with the present invention, a polishing pad for 
CMP comprises an ion exchange material. The inventive polishing pad can be constructed 
as a disk-like or belt-like article having a substantially planar surface for contacting a 
semiconductor substrate and can be made entirely of at least one ion exchange material or 
can be made of various conventional materials with at least one ion exchange material on 
or near the surface of the pad for contact with the substrate. 

For example. Figures I and 2 illustrate polishing pad arrangements of the present 
invention. As shown in Figure 1, die present in vendor can he implemented by a polishing 
pad comprising base 12 with ion exchange material 14 on base 12. The ion exchange 
material is in the form of a layer over the base and has a substantially planar surface 1 6 for 
contacting a semiconductor substrate (not shown). 

Base 12 can be made of conventional polishing pad materials, such as a nylon, 
polyuretbanc etc. Ion exchange material 14 can be in the form of a porous sheet or a 
plurality of porous sheets laminated or otherwise attached to base 12. 

Figure 2 illustrates another implementation of a polishing pad comprising an ion 
exchange material. As shown in this embodiment, base 12 has layer 18 thereon which 
comprises a plurality of embedded or impregnated ion exchange particles 20 therein. 
Layer IS has a substantially planar face 22 for contacting a semiconductor substrate and 
can be a porous polymeric layer, such as a polyurethane retaining the impregnated or 
embedded ion exchange panicles. The ion exchange particle need not be fully impregnated 
in layer 1 8. For example, the present invention also contemplated a polishing pad having 
a plurality of ion exchange particles, such as bead*, attached to the surface of a polishing 
pad. 

The polishing pads of the present invention can be tailored to the specific target 
layer in of CMP, For example, employing conventional techniques, the ion exchange 
material can be fabricated as a porous cross-linked resin having a plurality of functional 
groups capable of complcxing and/or chelating with materials removed during the CMP 
process. In an embodiment of the present invention, ion exchange material 14 and 
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particles 20 comprise a porous styrcoic resin haying a plurality of amine or pyridinyl 
functional groups. 

In addition to, or separately, ion exchange materials can be employed in a CMP 
composition during CMP of a semiconductor substrate or layer thereon, la practicing an 
embodiment of the present invention, a CMP composition is prepared by admixing an ion 
exchange material with a carrier, e.g. drionized or distilled water, lower alcohol, glycol or 
mixtures thereof. 

As used herein a CMP composition refers to a composition that can be applied to a 
semiconductor substrate or a layer thereon during CMP to facilitating planarizing and/or 
thinning the semiconductor substrate or a layer thereon. The present invention 
contemplates a CMP composition comprising an ion exchange material, e.g. an ion 
exchange resin in the form of spherical shaped beads having an average diameter of less 
than 1 micron to about 500 microns, e.g. beads having an average diameter of about 02 
micron to about 100 microns. 

The ion exchange material of the present invention can further act as an abrasive 
thereby reducing or eliminating the need for additional abrasive components in the 
composition. The ion exchange material is present in on amount effective to aid in CMP. 
For example, the ion exchange material can he in an amount of from about 0.05 v/t% to 
about 50 wt%, e.g. from about 0.5 wt% to about 25 wt% of the composition. 

In an embodiment of the present invention, the CMP composition comprises an ion 
exchange resin capable of complexing with a metal or metal ions in the aqueous carrier, 
e.g. a styrenic matrix resin having a plurality of functional groups capable of complexing 
and/or chelating a metal or metal ion. 

Additional components can be added to the inventive CMP composition. For 
example the CMP composition can also include at least one oxidizing agent The oxidizing 
agent is useful in the CMP composition in oxidi2ing the semiconductor substrate or target 
layer thereon to its corresponding oxide, hydroxide, or ions. 

As used herein, an oxidizing agent is generally an agent that accepts electrons from 
the target layer thereby causing oxidation of the target layer. For example, in the present 
invention, the oxidizing agents may be used to oxidize a metal layer to its corresponding 
oxide or hydroxide, e.g., titanium to titanium oxide, tungsten to tungsten oxide, copper to 
copper oxide, and aluminum to aluminum oxide. The oxidizing agents of this invention are 
useful when incorporated into a CMP composition to polish metals and metal based 
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components including titanium, titanium nitride tantalum, copper, tungsten, aluminum, 
and aluminum alloys such as aluminum/copper alloys, and various mixtures and 
combinations thereof by mechanically polishing the metals to remove the respective oxide 
layer. 

Oxidizers useful in the present invention comprise peroxy compounds, eg. 
compounds which may disassociate through hydroxy radicals. Such pcroxy compounds 
include hydrogen peroxide and its adducts such as urea hydrogen peroxide and 
percarbonates, organic peroxides such as benzoyl peroxide, peracetic acid, and di-t-butyl 
peroxide, monopeisul fates, dipersul fates, sodium percarbonatc and sodium peroxide. Hie 
oxidizing agent can also be an inorganic or a compound containing an clement in its 
highest oxidation state. Examples of inorganics and compounds containing an element in 
its highest oxidation state include but are not limited to periodic acid, periodate salts, 
perbromic acid, peroromate salts, perchloric acid, perchloric salts, perbonic acid, nitrate 
salts (such as cerium nitrate, iron nitrale, ammonium nitrate), perborate salts and 
permanganates. Other oxidizing agents include bmraates, chlorates, chromates, iodates, 
iodic acid, and cerium (IV) compounds such as ammonium cerium nitrate. 

The oxidizer can be present in the CMP composition in an amount ranging from 
about 0.05 to about 90 weight percent (wt%), c.g. from about 0. 1 wt% to about 20 wt%. In 
an embodiment of the present invention, the CMP composition comprises about 0. 1 wt% 
to about 15 wt% of hydrogen peroxide. 

The CMP composition can also include aa abrasive. The abrasive is typically a 
metal oxide abrasive. The metal oxide abrasive may be selected from the group mduding 
alumina, titania, zirconia, gcrmania, silica, ccria and mixtures thereof In an embodiment of 
the present invention, the CMP composition includes from about 1.0 wt% to about 50 
wl%, e.g. from about 2 wr% to about 20 wr% an abrasive. 

Additional conventional components can be incorporated into the CMP 
composition of the present invention to achieve their known effect. For example, a film 
forming agent can be added and can be any compound or mixtures of compounds that are 
capable of facilitating the formation of a passivation layer of metal oxides and dissolution 
inhibiting layers on the surface of a metal layer. Useful film forming agents are cyclic 
compounds such as imidazole, benzotriazole, benzimidazole and benzothiazole and their 
derivatives with hydroxy, amino, imino. carboxy. mcrcapto, nitro and alkyl substituted 
groups, as well as urea, thiourea and others. 
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Although employment of an ion exchange material in the present CMP 
composition minimizes r even eliminates the need for additional complexing agents* it 
may be beneficial to add complexing agents for certain applications. In this regard, a wide 
range of conventional organic acids, salts of organic acids, and mixtures thereof are useful 
m the CMP composition of the present invention to enhance the selectivity to oxide 
polishing rate, such as monofunctional acids, di-functional acids, hydroxyl/carboxyiate 
acids, chelating, n on -chelating acids, and their salts. The organic acid can be selected from 
die group of acetic acid, adipic add, butynic acid, capric acid, caproic acid, capryhc acid, 
citric acid, glutaric acid, grycolic acid, formic acid, fiimaric acid, lactic acid, lauric acid, 
malic acid, maleic acid, matonic acid, myristic acid, oxalic acid, palmitic acid, phthaiic 
acid, propionic acid, pyruvic acid, stearic acid, succinic acid, tartaric acid, valeric acid and 
derivatives, including salts thereof 

Other well known polishing additives may be incorporated into the chemical 
mechanical polishing composition of this invention. One type of optional additives are 
inorganic acids andVor salts thereof which may be added to the polishing slurry to further 
improve or enhance the polishing rate of the barri jr layers in the wafer, such as titanium 
and tantalum. Useful inorganic additives include sulfuric acid, phosphoric acid, nitric acid, 
ammonium salts, potassium salts, sodium salts or other cationic salts of sulfates and 
phosphates. 

In order to promote stabilization of the polishing slurry including oxidizing agents 
against settling, flocculation and decomposition, a variety of optional additives, such as 
surfactants, stabilizers, or dispersing agents, can be used. If a surfactant is added to the 
CMP slurry, then it can be an anionic, cationic, nonionic, or amphoteric surfectant or a 
combination of two or more surfactants can be employed. Furthermore, it has been found 
that the addition of a surfactant may be useful to improve the within-wafer-non-unifonnity 
(WIWNU) of the wafers, thereby improving the sjrface of the wafer and reducing wafer 
defects. Non-limiting examples of preferred stabilizers useful in the CMP slurry of this 
invention include but are not limited to phosphoric acids such as 
aminotri(methylenephosphonic) acid, 1 -hydroxyethylidcrK:-4^iphosphonic acid, 
hexamethylenediaminetetramethylenc phosphoric acid, and diethylenetetramirc 
pentamethylenephosphonic acid One or more stabilizers may be present in the CMP 
slurry of this invention in an amourt that is sufficient to produce measurable 
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improvements in slurry stability, and generally in an amount ranging from about 100 ppm 
to about 5.0 weight percent (wt,%). 

Stabilizers can be added to CMP composition of this invention including 
phosphoric acids and salts thereof. The addition of one or more 

phosphoric acids to the CMP composition of this invention may also inhibit metallic 
corrosion. 

Given the present disclosure and objectives, suitable amounts of reagents and 
additional components can be dctcrraincii and optimized in a given situation. Generally, 
the present invention is applicable for CMP of \arious metals, such as aluminum, Cu, 
titanium, tantalum, nitrides thereof, as well as insulativc, and semiconductive layers. CMP 
compositions in accordance with embodiments uf the present invention can typically 
contain about 0.005 wt% to about 50 wt.% of the ion exchange material, such as about 
0.05 to about 20 wt%> e.g., about 0.5 to about 2.5 wt%. An oxidizing agent, such as can 
be present in an amount of about 0.05 w\% to about 20 wrV., e.g, 0. 1 to about 1 0 wt%. The 
CMP coinposition of the present invention can further optionally include an abrasive, e.g. 
silicon oxide and/or aluminum oxide, in an amount, if present from 0. 1 vrt% to about 3 0 
wt%, eg. from about 2 \vt % to about 20 wl%. In addition, an optional triazole or triazole 
derivative can he provided within the composition. The remaining balance of the 
composition is typically deionized water and/or an alcohol solution. 

In practicing the present invention, a semiconductor substrate or layer thereon in 
need of planarization and/or winning is subjected to CMP employing a CMP composition 
comprising an ion exchange material or a polishing pad comprising an ion exchange 
material or both. The present invention contemplates employing the ion exchange material 
in a single stage or in multiple stages of an in-line, batch andVor multi-step polishing 
processes. By way of example, a complete description of a continuous CMP process and 
apparatus therefore can be found m U.S. Patent No. 5,738,574. 

For example, Figure 3 demonstrates iho applicability of a CMP composition of the 
present invention to polishing a metal fibn on a seimcoiKluctor substrate. The CMP 
compositions were prepared by admixing about I wt% to about 3 wt% of a 
styrcne-divinylbenzene resin having a plurality of picolylamine groups, as the ion 
exchange material, with about 1 wt% to about 3 wt% of hydrogen peroxide, and about 1 
wt% to about 5 wt% of silica with the remainder being deionized water. As shown, CMP 
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compositions of the present invention havinc an ion exchange resin achieved polishing 
rates of about 4,000 A/rnin to about 5,00<) A* min u ith good iraiformity across the substrate 
diameter, i.e. CMP compositions I anil 1:. Polishing the substrates without the ion 
exchange materials resulted in poor polishing rates, i.e. compositions 3 and 4. 

An application for the ion exchange materials employed in this invention is in the 
CMP of interconnects, eg. CMP of thin layer films comprising tantalum nitride, titanium 
nitride, aluminum tungsten and copper. Interconnection structures typically have a first 
layer of metallization, comprising a conductive pattern and intenviring spaces, a second 
level of metallization, and frequently third and subsequent levels of metallization. 
Intcrlevd dielectrics, such as doped and endoperi silicon dioxide, are used to electrically 
isolate the different levels of metallization in a silicon substrate. Typically, conductive 
patterns on different layers, i.e. upper Bml lower layers, are electrically connected by a 
conductive plug filling a via hole, while a conductive plug filling a contact hole establishes 
electrical contact with an active region on a semiconductor substrate, such as a 
source/drain region. Conductive lines a c forrred m trenches which typically extend 
substantially horizontal with respect to tlie semiconductor substrate. Semiconductor 
"chips" comprising five or more levels of metallization arc becoming more prevalent as 
device geometries shrink to submicron levels. 

Although not specifically illustrated in Figure 4, conventional integrated circuit 
processing is used to form field isolation and active electrical devices (e.g., capacitors, 
MOSFETs, bipolar devices, diodes, logic gates, etc.) over the surface of the starting 
substrate material. These layers are inherently and collectively illustrated as the 
bottom/base layer 30 in Figure 4. These active devices formed over the substrate are 
interconnected by serniconductive layers such as polysilicon, amorphous silicon, or 
salicided regions. In the alternative, theso active circuits may also be irterconnected by 
metallic interconnects or some combination of serniconductive inter connects and metallic 
interconnects 

Referring the Figure 4, a composite interconnect arrangement is illustrated prior to 
planarization. The composite arrangcmeiu comprises semiconductor substrate 30 having 
dielectric layer 40 thereon, silicon nitride layer 50 on the dielectric film 40, and a second 
dielectric film 60, such as a silicon dioxide film, e.g. PETEOS, overlaying silicon nitride 
50. In other forms, dielectric film 60 can be a !o*-k dielectric, borophosphosflicatc glass 
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(BPSG), fluorinated TEOS (FTEOS), polymer materials, plasma enhanced TEOS 
(PETEOS), composites thereof, and the like. 

Barrier film 70 having a thickness of about 200-500 A overlays dielectric layer 60. 
Typical barrier films include tantalum nitride titanium nitride, titanium tungsten, 
tantalum, titanium, tantahim silicon nitridj, tun^len nitride, 10 alloys of these materials, 
composites thereot etc. A conductive layer 30 is then deposited over a top surface of the 
layer 70, within ihe via opening in lava' 60. Conductive layer 80 can be a metal 
interconnect a material such as tungsten, aluminum, and aluminum alloy, copper, gold, 
silver, refractory metals, conductive oxidt s, romposiles thereof, or the like. 

In accordance with fabricating a copper interconnection, conductive layer 80 
comprises copper and has an initial thickness of about 5,00O- 10,000 A overlaying barrier 
film 70. Planarizing a copper layer, as depicted in Figure 4, of the present invention is 
achieved by employing a multi-step process with a strategic ion exchange material. 

In an embodiment of the present invention, a multi-step CMP process is employed 
comprising: CMP of the conductive layer employing either a polishing pad comprising an 
ion exchange material or a CMP composition comprising an ion exchange material or both 
and stopping on the barrier layer, removing the barrier layer, buffing the surface of the 
interlayer dielectric to reduce or eliminate scratching and defects; and rinsing and 
protecting the planarized metal surface. 

In an embodiment of the present invention a copper containing layer is formed 
over the barrier layer as the conductive layer and ihe ion exchange material comprises an 
ion exchange material capable of complex in«_» with a metal or metal ions. Other features of 
the present invention include, a CMP composition comprising a styrcnic polymer having 
at least one amine or pyridinyl moiety in Uic form of spherical beads. The beads can have 
an average diameter of from about 1 micron to about 500 microns, e.g. from about 10 
microns to about 150 microns. In an embodiment of the present invention, Ac CMP 
composition also includes an oxidizer, c.g. hydrogen peroxide, of about 0.1 wt% to about 
5 wt % in an aqueous carrier, e.g. delonizcd water. 

In accordance with embodiments of the present invention, a Cu metal film is 
effectively planarized with no or substantially reduced dishing, thereby enabling the use of 
conventional photolithography to form metal features having dimensions in the deep 
submicron range. A typical Cu metallization or in erconnect system comprises, but is not 
limited to, interconnects formed by damascene and comprises depositing an interlayer 
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dielectric overlying a substrate, forming ar opening, cg^ a damascene opening, in the 
intedayer dielectric, depositing a diffusion burner, such as a TaN or Tu, and filling the 
opening with Cu. Advantageously, the opening in the intcrlayer dielectric can be filled by 
initially depositing a seedlayer and then electroplating or clectrolcss plating the Cu layer, 
typically at a thickness of about 8,000 to about I8,000A. The damascene openings can 
also be filled with Cu by PVD at a temperature of about 50° C to about 150° C or by CVD 
at a temperature under about 200° C. 

Conventional substrates and interdiclcctric layers are encompassed by the present 
invention. For example, the substrate can he doped monocrystalline silicon, gallium, 
germanium, amorphous silicon, or gallium ar senide. The interlayer dielectric can comprise 
any of various dielectric materials conventionally employed in the manufacture of 
semiconductor devices. For example, dielectric materials, such as silicon dioxide, 
phosphorus-doped silicon glass (PSG), boi on- phosphorus-doped silicon glass (BPSG) and 
silicon dioxide derived from tctraethyl orihosilicatc (TEOS) or silanc by plasma enhanced 
chemical vapor deposition (PECVD) can be employed. Intcrlayer dielectrics in accordance 
with the present invention can also comprise low dielectric constant materials, including 
polymers, such as polyhrrides, and cuinm-conammg silicon dioxide, e.g., Black 
Diamond™ available from Applied Materials Inc., located m Santa Clara, California, The 
openings are formed in interlayer dielectrics by conventional photolithographic and 
etching techniques. 

The present invention provides a polishing pad comprising an ion exchange 
material and a CMP composition for planarizing metals, such as Cu at a high removal rate, 
eg., greater man about 4,000 A per minute wi;h reduced dishing, thereby enabling an 
improvement in the speed of the resulting in;egrated circuit and yield. Embodiments of the 
present invention, therefore, enable manufacturing semiconductor devices having 
enhanced cross-sectional area of copper interconnects, thereby improving electrical 
performance by reducing interconnect resisu.ace. 

In another embodiment of the invention, the ion exchange material is used in 
cleaning or buffing of a substrate. A substrati- having a bevel edge is provided to a 
polishing apparatus having a cleaning module position adjacent or disposed therein, a 
cleaning or buifering pad is disposed in the cleaning module, the cleaning pad comprising 
an km exchange material, and the cleaning or buffering pad is contacted with the substrate 
and the surface, bevel, and/or backside of the substrate is polished. 
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Embodiments of the cleaning pad including the ion exchange material described 
herein can be implemented by a cleaning pad comprising a base with a layer of ion 
exchange material disposed on the base. The ion exchange material may be in the form of 
a layer over the base and has a substantially planar surface for polishing a substrate 
surface. The base can be made of a con vent iona. material of buffing or polishing pads, 
such as nylon, polyurcthane, and other components. 

The ion exchange material can be in the form of a porous sheet or plurality of 
porous sheets laminated or otherwise coupled to a base material. For example, the ion 
exchange material can be fabricated as a porous crasslinkcd resin having a plurality of 
functional groups capable of complexing ar.d/or chelating with materials removed during 
the cleaning or buffering process. 

In another embodiment of the present invention, ion exchange material and 
particles comprise a deformable, porous styrenic resin having a plurality of amine or 
pyridinyl functional groups. The porous sheets may have a compressive stress between 
about 0.1 kg/cm 2 and about 50 leg/cm 2 or between about 0.01 mcgaPascals and about 5 
mcgaPascals or otherwise have sufficient ilexibility lo deform and polishing the bevel 
edge and/or backside of a wafer when con:actirg a wafer surface. A porosity between 
about 50 vol% and 90 vot% of the sheet is used in one aspect of the ion exchange material. 

Alternatively, the cleaning or buffering pad includes die ion exchange material 
embedded or impregnated in a binder material having a porous natuxc t such as a porous 
rxilymeric material to fonn a porous pad. An c.vunplc of such a cleaning or buffering pad 
is a porous polyurethane pad having ion cxclianye particles disposed therein and having a 
compressive stress between about 10 kg/cm 2 and about 50 kg/cm 2 or between about 1 
mcgaPascals and about 5 mcgaPascals with a porosity between about 50 vol% and 90 
vol%, and sufficiently capable of deforming to contact a bevel edge of a substrate. 

It is believed that contact between the substrate surface and the cleaning pad 
containing the ion exchange material will allow removal of metal particles or residue from 
the substrate surface with limited or minima] removal of metal layers formed thereon. The 
invention further contemplates the use of km exchange materials in other embodiments 
such as a cleaning brush. 

The present invention is applicable to planarizing during various stages of 
semiconductor manufacturing. The present invention enjoys particular applicability in the 
manufacture of high density semiconductor <Ie\iccs with incial features in the deep 
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submicron range. Only the preferred cmboiliincnl of ihc present invention and but a few 
examples of its versatility are shown and described in the present disclosure. It is to be 
understood that the present invention is capable of use in various other combinations and 
environments and is capable of changes and modifications within the scope of the 
inventive concept as expressed herein. 

While the foregoing is directed to the preferred embodiment of the present 
invention, other and further embodiments of the invention may be devised without 
departing from the basic scope thereof, and the scope thereof is determined by the claims 
that follow. 



So that the manner in which the above recited features, advantages and objects of 
the present invention are attained and can be understood in detail a more particular 
description of the invention, briefly summarized above, may be had by reference to me 
embodiments thereof which are illustrated in the appended drawings. 

It is to be noted, however, that the appended drawings illustrate only typical 
embodiments of mis invention and are therefore not to be considered limiting of its scope, 
for the invention may admit to other equally effective embodiments. 

Figures 1 and 2 schematically depict different embodiments of a polishing pad of 
the present invention. 

Figure 3 demonstrates high CMP polishing rates and uniformity achieved 
employing with CMP compositions of the present invention compared to CMP slurries 
without ion exchange materials. 

Figure 4 schematically shows an interconnect structure prior to polishing. 



4 Brief Descriptici of Drivings 
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Fig. 2 
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Fig. 4 

1 Abslnct 



Ion exchange materials are employed in CMP methodologies to polish or thin a 
semiconductor substrate or a layer thereon. Embodiments include a polishing pad having an 
ion exchange material thereon and polishing a semiconductor substrate or a layer thereon 
with the polishing pad or a CMP composition including an ion exchange material therein and 
polishing the substrate or a layer theieon with the CMP composition or both. 



2 Icprcscitilite Dra*iig Fig. 1 



